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In order to provide proton beams polarized along any axis to any experimental area, 
IUCF has purchased and installed two superconducting solenoids for the high energy beam 
lines.' Each has the capability to precess 200 MeV protons through an angle of about 120°. 
The magnets are wound with about 20,000 turns of NbTi wire imbedded in a copper matrix, 
and have iron return yokes to minimize stray fields so that nearby magnetic elements along 
the beam line are not affected. The vacuum flanges are machined directly into each return 
yoke, and the bore through which the beam passes is at room temperature. 
The two magnets are located just upstream and downstream of the 45O energy analysis 
magnet in beam line 3. This arrangement is shown schematically in Fig. 1. With no 
solenoid field, the spin axis of the beam is nominally vertical through this system. To 
produce a sideways polarization in the beam line downstream of the analysis magnet, 
Figure 1. Schematic layout of the two spin 
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the second solenoid is energized. If instead the first magnet is energized, a sideways 
beam is produced upstream of the analysis magnet. In the proton energy range of the 
cyclotron (typically 50-200 MeV), the proton spin will precess about three times as fast 
as the momentum direction changes in a transverse magnetic field. Spin precession within 
the analysis magnet will thus convert the sideways polarization into an approximately 
longitudinal polarization. This then provides three nearly orthogonal directions along 
which the proton spin can be polarized. 
For more precise adjustment of the horizontal plane spin direction, the second solenoid 
can be fully energized, and the first used to tune the direction. An excitation of the first 
magnet can be used to precess the spin direction away from sideways by any desired 
amount. Because of the changing relativistic factor in the relationship between spin pre- 
cession and momentum direction, this scheme works perfectly only near 108 MeV. (Since 
the analysis magnet has a 45" bend, this happens to correspond to the energy of the spin 
imperfection resonance in the Cooler.) At other energies there is a small cone about the 
beam direction into which the spin direction cannot be placed. The size of this cone as a 
function of energy is shown in Fig. 2. In other beam lines this cone will no longer lie along 
the longitudinal axis. 
During the summer of 1988, the field of the first spin precession magnet was mapped. 
This was a project for Mike Catanese, a student in the Research Experiences for Under- 
graduates program discussed elsewhere in this report. The field integral was found to 
correspond very closely to the value expected from the current and the number of turns. 
In addition, four Hall probes mounted on a precision cube were used to measure the radial 
components of the field near the ends of the magnet and determine the location of the 
magnetic center axis. Several determinations were made, and they typically deviated by 
less than a millimeter from the mechanical center of the bore tube through the magnet. 
This information was used in setting the alignment marks for installing the magnets in the 
beam line. 
Figure 2. Size of the cone (about the 
beam direction downstream of the 45" 
analysis magnet) into which the spin di- 
rection cannot be placed. The horizontal 
axis is the proton beam energy. 
In addition to precessing the spin, each solenoid has other effects on beam transport. 
The fringe fields focus the beam, and the solenoidal field rotates the beam phase space 
(mixing x and y directions). In consultation with Glenn Stimson from TRIUMF, a design 
was devised to compensate for these changes in beam line 3. For the upstream solenoid, 
the horizontal and vertical waists in the beam appear at different places, and it was found 
that a skew quadrupole (mounted at 45") would correct the beam back to its previous 
envelope. For the downstream magnet, its location near a double waist corresponding 
to the image point of the energy analysis system meant that such compensation was not 
needed. One additional quadrupole was therefore added to beam line 3 downstream of the 
first solenoid. 
To operate these magnets on a routine basis, it is necessary to provide access for liquid 
nitrogen and liquid helium transfer. To simplify this procedure, a new opening was created 
in the shielding to allow entry to the switchyard area from the east side. The double layer 
of wall blocks was separated to allow a maze entry. In this same maze, a niche was left 
for the main control console for each magnet. Helium and nitrogen lines were routed from 
each magnet to this location; and with the level sensors available on each control panel, 
this provides a central location from which to monitor the filling process. 
Each magnet contains a 40 liter liquid helium dewar, which needs to remain more than 
30% full to permit safe operation of the magnet. Loss rates are typically 1.1 literlhour with 
the current leads connected, and 0.8 literslhour with the persistent switch on (allowing the 
magnet current to flow perpetually in a closed loop). Under normal operating conditions, 
the magnets may be refilled once a day. Filling the magnets with liquid helium from the 
central location is about 40% efficient for the upstream magnet and 60% for the downstream 
one, the difference due mostly to the difference in the length of the transfer lines. 
Both magnets may be operated remotely from a control panel located at the west end 
of the control room. Provision was left in these remote control stations for a computer 
interface, and eventual integration into the controls system is planned. 
After the installation of each solenoid, tests were made to verify that the beam optics 
were not adversely affected by solenoid operation. In all instances to date, it has been 
necessary to provide a set of beam tuning parameters for the solenoid with and without full 
field. The differences between these parameter sets involve both focussing and steering, and 
the addition of the skew quadrupole field in the case of the first magnet. These differences 
typically involve only elements in beam line 3. So far, the differences do not appear 
to be systematic from one tune to another. Once established, full beam transmission is 
achievable for all values of either solenoid strength. Tests have been made for both magnets 
that demonstrate that these changes leave the focussed and dispersion-matched settings 
of beam line 8 (K600 spectrometer) unchanged. Operation of the solenoids has also been 
studied for beam line 4 (64-inch scattering chamber) and beam line 9 (Cooler). 
A spin precession curve has been measured for the first solenoid at 200 MeV. Both 
the normal and sideways components of the polarization were observed in the polarimeter 
located in beam line 4 (64-inch scattering chamber). The results, shown as a function of 
solenoid current, are presented in Fig. 3. As expected, as the current increases, the normal 
polarization decreases, eventually crossing zero. At the same time the sideways component 
rises, passing through a maximum. Note that the sideways polarization does not vanish 
Figure 3. Precession curves showing the variation of the vertical (pN) and sideways (ps) 
polarization components in beam line 4 as the first spin precession solenoid field strength 
is varied. The horizontal axis is the current in the solenoid. 
at zero field. This off-axis polarization is known to arise from the strong vertical focussing 
fields generated by the separated sectors in the main stage. The angle represented here, 
16O, is typical of such errors. Since we did not observe the longitudinal component, this 
angle is a lower limit on the degree of precession introduced by the cyclotrons. The smooth 
curves through the measurements represent a least squares fit that allowed period, phase, 
and amplitude to vary for each component.2 The fit yields a value of 48.4 A for the current 
needed to precess a 200 MeV proton through 90°, about 3% more than the expected value 
of 47.0 A and within the error generated by the scatter in these measurements. 
The first use of this system was for the demonstration of stable horizontal polarization 
in the Cooler made as part of the study of the Siberian Snake (see article elsewhere in this 
report). At this time the solenoid system is fully operational, and will be used before 
the end of the calendar year for calibrations and experiments in both the Beam Swinger 
facility and the K600 spectrometer. 
1. Supplied by American Magnetics, Inc., Oak Ridge, TN. 
2. S. W. Wissink, private communication. 
